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Investment casting is widely used in the production of jewellery. In contrast to the
state of affairs in other branches of the metal-working industry, however, specially
developed alloys are not employed in casting goldjewellery. Generalpurpose alloys,
selected on the basis of caratage and colour, are mostly used. Their technological
characteristics such as hardness (as a measure of ease of deformation) and their
behaviour during casting are often given little consideration. The effect of additions
of small amounts of zinc'on the casting behaviour of 14 and 18 carat gold alloys has
been studied and is discussed in this article.
In the course of research carried out on the influence of small
additions of different elements on the melting and casting
behaviour of gold alloys, it has been shown that alloys can be
obtained which are better suited for casting purposes. Such
additions of zinc have proved especially beneficial in this
regard. Zinc in relatively high concentrations has been
occasionally used in jewellery alloys, nearly always as a
constituent of white gold alloys.
Discussed below are the results obtained from a study of the
influence of additions of zinc on the casting behaviour of 14 and
18 carat gold-silver-copper alloys. The prerequisite that such
additions should not cause a pronounced change in the colour of
the alloys limits the permissible concentration of zinc to below
about 2 weight per cent. Up to this concentration, zinc forms
solid solutions with each of the three constituents of the alloy
(1). One property of zinc which is significant in respect of its
addition to gold-silver-copper alloy is the relatively high
stability of its oxide. The enthalpy of formation of zinc oxide is
– 225 kJ/mole at 900°C. By comparison, the corresponding
value for cuprous oxide is – 86 kJ / mole. Additions of about 0.5
per cent zinc have therefore been used occasionally for
deoxidizing purposes in yellow golds (2).
Another is the high vapour pressure of the metal, which
results in losses of zinc if the alloys are repeatedly remelted or if
melting or casting are performed under partial pressure.
Casting quality is determined by various criteria. The most
important ones are form-filling, surface quality, porosity and
void formation, ease of reaction of alloy constituents with
oxygen and the mechanical properties of the solidified alloy.
The relative importances of these factors depend on the casting
method used. The influence of zinc on these various properties
was therefore tested using two different casting methods in
common use, namely static and centrifugal casting.
Alloys Investigated
The alloys which were studied are listed in Table I together
with some of their properties. The basic compositions of the 14
and 18 carat alloys correspond to those of commercially used
yellow gold alloys. The alloys were produced by melting gold of
99.99 per cent purity, silver of the same fineness, fine copper
(99.9 per cent) and a copper /30 per cent zinc master alloy
prepared in an argon atmosphere from electrolytic copper and
zinc. The zinc and copper contents of the prepared alloys were
determined after each casting.
Casting Methods
The experiments were based upon the well known lost wax
casting method. For the preparation of the moulds a gypsum-
containing material supplied by Hoben Davis Ltd., U.K. was
used. The mould temperature was 600°C and the following
processes were employed:
Static Casting — in this method the alloys were melted
inductively in graphite crucibles in an argon atmosphere at a
pressure of 65 kPa, then cast at 1000°C (14 carat) or
1050-1100°C (18 carat) into the moulds after which the argon
pressure was immediately increased to 100 kPa. It was found
that an effective pressure difference of about 35 kPa was
sufficient to give satisfactory mould-filling and was therefore
very suitable in experiments aimed at detecting even- small
changes in the form-filling behaviour caused by alloying
additions.
Centrifugal Casting — a 'PLATICAST' (Linn Electronic
GmbH, Hirschbach) centrifugal casting was used for these
experiments. Melting was done inductively in a carbon crucible
in forming gas. The casting was carried out in air at the same
temperatures as those described above.
Sprue Construction
The following casting models were used in various
arrangements mounted on a common central sprue:
(1) One or two wax grids (Bego GmbH, Bremen) for
determining the form-filling. The percentage of the grid
area of the model which was filled by the cast indicated the
filling rate
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Fig.1 The inverse relationship shown between interfacial tension and
tine content of both 14 and 18 carat yellow gold alloys
(2) One or two step wedges (length 28 mm, width 9 mm,
heights 2.4 and 8 mm) the base surfaces of which were used
for roughness measurements. This casting model could also
be used to investigate the influence on the surface quality of
different casting cross-sections
(3) One or two gramophone record pieces (about 10 x 25 mm)
for establishing the efficiency with which finely-detailed
structures could be reproduced
(4) One dumb-bell (16 mm long, 8 mm maximum diameter)
foz.:density measurements and for use as tensile test
specimens (in accordance with DIN 13 906). This was
mounted on a plate and cast by introduction of molten
metal from below.
Interfacial Tension and Angle
A simplified version of the so-called sessile-drop-method was
used for measuring the interfacial tension (3, 4). For this
purpose the base of the sprue (sessile drop) which solidified in
the funnel-shaped mould entrance was sectioned radially. After
grinding and polishing, the melting angle, and from this the
interfacial tension at the solidification temperature, could be
determined. The exact calculation of the surface tension
requires, however, that the melt does not wet the investment
(wetting angle larger than 90°). This simple method is quite
suitable for the characterization of casting alloys (5).
Since the variables of interest in this work are strongly
influenced by the casting atmosphere, all experiments were
carried out in argon.
Melting Behaviour
In addition to the casting quality, the
behaviour of the gold alloy during
melting and, especially in jewellery
casting, repeated remelting of scrap
material is of great importance in prac-
tical casting. It might be expected that,
during melting, high zinc losses from the
alloy might occur due to the high vapour
pressure of this metal and its high affinity
for oxygen, thus limiting the extent to
which scrap material could be used in the
production of jewellery. To test this
assumption, alloys melted and cast in
argon were remelted three times in air
and then cast in the centrifugal process.
After each cast, the zinc concentrations
in the gold alloys were determined. The
zinc concentrations in the starting
materials were 0.5 and 1.2 per cent for 14
carat, and 0.6 and 1.2 per cent for 18
carat yellow gold alloys.
' a ble l
composftlons adSeIeCed IrOpethso1 theAHoys Wj ed:
. rIb	 4,
1 585 300 115 - 860 - 880 1210 168
I k ^ ^1a ^5^ aas 	 r^d ., 1 0 _	 ^ 013
3 5Bs8] 5 1 $j	 8 #.
58.5 28 I 115 19 79t1	 ..	 :  5
18 ct
15.0 16Ö 9.0 890-910
6 750 15. 9.0 02 770 1
7 1 5 87O---900 lam .
!&0 14.9
x€4.1
.0 1 850 h	 !? ?
• 15.0 O i,














Fig. 2 The dependenceof the extent of form-filling on the interfacial
tension shown for a 14 carat yellow gold alloy
Fig. 3Lh 7 ins p kae
	 n3 srm 1
, 	d h^ ^tatca® ttertcv W.
and 18 ar yllo gold a11gp (rids castiyt tder identical condition):
Results
Casting Behaviour
The data obtained in the experiments on interfacial tension
and angle are listed in Table I and illustrated in Figure 1 , At
higher concentrations it can be seen that zinc strongly
diminishes the wetting angle. Under the given experimental
conditions, complete wetting of the investment was observed at
a zinc concentration of about 2 per cent. At about 1 per cent,
wetting was irregular. Wetting angles between 45 and 130°
were found, indicating that equilibrium was not reached during
the short cooling period before solidification.
The influence of zinc on interfacial tension was found to be
very pronounced in both 14 and 18 carat gold alloys (Figure 1).
Interfacial tension decreased rapidly with additions of less than
0.5 per cent zinc, but the rate of decrease fell significantly with
zinc additions of more than 1.5 per cent. The extent of this
decrease could not be determined accurately by the method
used in the present work since wetting of the investment
occurred.
Among the various factors influencing form-filling, surface
tension plays a very important role. Figure 2 shows how filling of
Bego grids with 14 carat gold alloys depends on the interfacial
tension. These results were obtained by static casting in an argon
atmosphere. The dependence of form-filling on the zinc
concentration for 14 and 18 carat alloys is shown in Figure 3. The
values are widely scattered and are comparable only if all other
casting parameters are identical. However it can be seen that
form-filling by both 14 and 18 carat alloys is greatly improved by
the addition of zinc as illustrated for 14 carat alloys in the
photographs shown in Figures 4 and 5. The main reasons for this
are the reduction of the interfacial tension and the lowering of
the liquidus temperature.
For 18 carat yellow gold alloys liquidus and solidus
temperatures are lowered by 30 and 40 K respectively by the
addition of 1 per cent zinc. The corresponding reductions.are 40
and 50 K for 14 carat alloys.
With the addition of zinc an improvement of surface quality
is obtained as a result of reduced interfacial tension. Zinc-
containing gold alloys are less prone to dendritic surface
structure, which is often observed on heavy articles cast in an
inert or reducing atmosphere, and the accompanying surface
roughness is much reduced. Figures 6 and 7 are typical surface
profile recordings, measured on step wedges which were cast in
argon under the conditions discussed above. Figure 6 shows the
higher surface roughness of zinc-free gold alloys and of objects
with big cross-sections. Additions of 1 to 2 per cent zinc cause a
pronounced reduction in roughness as can be seen in Figure 7
which illustrates the surface roughness of an 18 carat yellow gold
alloy containing 2 per cent zinc. The same effects were observed
with 14 carat alloys.
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Fig. 4 The form filling of a grid by a 14 carat yellow gold without zinc showing	 Fig. 5 The form filling of a grid by a 14 carat yellow gold containing 2 per cent
partial filling	 zinc showing almost complete filling
Fig.6 (Left) Surface roughness traces, using a step
wedge, of 18 carat yellow gold without zinc 
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Fig. 8 The influence of zinc on the surface oxidation of 14 carat yellow gold.
The ring on the left contains no zinc and has significant scale, whereas the zinc -
containing (2 per cent) ring is almost completely free of surface oxidation
When casting in air surface defects are generally not
apparent, even with zinc-free alloys, since the wetting
behaviour of the melt is different due to oxidation effects. Zinc
does not, therefore, have such a pronounced effect in this case. It
does provide an improvement of the surface, however, which is
explained by the different oxidation behaviour exhibited by
zinc-free and zinc-containing gold alloys. When casting in air,
copper oxide forms on the surface of the castings during cooling,
but this is strongly reduced by zinc if this is present in the alloy.
In the latter case, even before pickling, the surface is bright and
shiny and shows only slight signs of oxidation. Figure 8 shows
the surfaces of 14 carat yellow gold castings with and without
additions of zinc after slow cooling in air and before pickling.
Solidification Voids and Porosity
In addition to good form-filling and low surface roughness,
the absence of solidification voids is crucial for maintaining the
quality of castings. Especially undesirable in jewellery
production are microvoids close to the surface, which may be
exposed by subsequent production steps such as grinding and
polishing. In most cases, these defects are cause for rejection or
require expensive and difficult repair work. In addition to these
microvoids, which are interdendritic and caused by volume
contraction during solidification, gas pores can occur.
Interdendritic microvoids and gas pores often form when scrap
material is used or when casting in air. The detection of porosity
and voids can be done metallographically, by density
measurements or by tensile testing. Pores and voids in cast test
samples were found to cause a large decrease in elongation,
accompanied by a drop in tensile strength.
Table II
Density, Tense Strength and Elongation X11 Cast Gold
Alloys With}and Without inc:
Alloy o	 i
14ct 
13.2 217,f71 `	 12,8:
2' ;444 138 307312 3021.
$. 1.10 13.8 . 284320 1923;
180 13.7 28,289 3,25.
18 ci
150 281,276 815.
i :052 15.4 410,426 33,25
$; 1.10 1.3 439,418, 25,10
9m	 ,;' 1 80 15.3;. 37,342 27,17
Densities and measured tensile strengths for various zinc-free
and zinc-containing gold alloys are listed in Table II. Scrap
material was used for these alloys and the casting was done in air.
Zinc-free alloys were found to be more porous and to have lower
elongations and tensile strengths than their zinc-containing
counterparts. By the addition of greater than 0.4 per cent zinc,
the incidence of porosity was reduced and tensile properties
were improved. The exact mechanism by which the additions of
zinc affect the behaviour of the gold-silver-copper alloys is still
unknown, and the investigations will be continued. Interaction
of alloy constituents with the oxygen in the casting atmosphere
and reduction by the zinc of the oxides formed apparently are
not the only factors involved.
To produce void- and pore-free castings from zinc-containing
gold alloys requires an uninterrupted supply of moltnmetal
during the solidification process in order to compensate for
shrinkage. If this is not achieved, for example because of
improper design of the sprue, porous spongy structures with
solidification microvoids are observed in the vicinity of the
sprue. This does not happen to the same extent in zinc-free
alloys, possibly as a result of a more even distribution of
dendritic microvoids, and therefore of volume deficiency, over
the whole casting. In the case of 18 carat yellow gold containing
2 per cent zinc, under certain conditions, the casting quality is
diminished by an insufficient supply of melt to the
solidification zone.
Zinc Losses
After remelting three times in air, the following zinc
concentrations were measured: 0.52 and 1.1 per cent in 18 carat
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and 0.44 and 1.1 per cent in 14 carat. These concentrations can
be compared to the starting levels of 0.6 and 1.2 per cent for 18
carat, and 0.5 and 1.2 per cent for 14 carat alloys. Thus no
appreciable zinc losses had occurred. High zinc losses would be
expected only at high surface to volume ratios. These may occur
during melting of quite small quantities of alloys.
Notwithstanding the low losses experienced in this study and in
order to avoid the accumulation of impurities excessive further
remelting or usage of scrap is not recommended, even with zinc-
free gold alloys
It was also observed that melting and casting of gold alloys
with up to 2 per cent zinc can be carried out under partial gas
pressure without appreciable losses of zinc by evaporation.
Under 13 kPa of argon and at the normal melting and casting
temperatures, there was no noticeable zinc loss from either 14 or
18 carat yellow gold alloys, even though the melt was overheated
to 1150°C.
Mechanical Properties
Besides good casting properties, alloys used for jewellery
must have acceptable mechanical properties which will allow
production steps like cutting, turning and polishing to be
carried out successfully. The mechanical properties of the alloys
studied in this work are listed in Table III. The values obtained
are scattered. The reasons for this were unavoidable differences
in cooling rate. Thus the hardening due to ordering which
occurs in copper-containing gold alloys was not consistent,
which had a significant influence on mechanical properties.
Nevertheless it is apparent that the mechanical properties of the
14 and 18 carat alloys used are not affected by zinc additions of
0.5 to 1.9 per cent.
The effect of zinc on microstructure is also small. At the
highest zinc content investigated in 18 carat yellow gold (1.9 per
cent), a slightly more pronounced dendritic structure was
observed, which, however, did not seem to influence the alloy
properties.
oxidation during cooling in air. In addition, form-filling is
better, but this effect is less pronounced when casting in air
than it is when casting is carried out in an inert atmosphere.
These beneficial influences of additions of zinc on the casting
behaviour of 14 and 18 carat yellow gold alloys are considered to
be due to the reduction in the surface tension and to the
improvement in the oxidation behaviour of the alloys which are
brought about by the additions.
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The investigations have shown that addition of between 1
and 2 per cent zinc to 14 and 18 carat yellow gold-silver-copper
alloys has beneficial effects on the casting behaviour of these
alloys and the quality of castings. The magnitude of the effects,
however, depends on the casting process in the following way:
(1) With static casting in inert gas form-filling, especially at
small pressure differences, is improved. There is also a
reduction of dendritic surface structure and surface quality
is better
(2) With centrifugal casting in air there is a reduction in the gas
porosity, which is observed under certain conditions and
when scrap materials are used. There is also an
improvement of surface quality due to decreased surface
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